improves survival by promoting behaviours that boost health status, minimize exposure to known risks and optimize returns to health producing inputs, and that such behaviours are firmly in place by late adolescence.
In a large American sample of high school graduates the association between early (adolescent) IQ and survival from ages 18 to 69 is entirely explained by a measure of academic performance (rank in high school class) that is only moderately associated (r = 0.6) with IQ. Moreover, the effect of rank in high school class is about three times larger than that of IQ. This finding suggests that higher cognitive functioning improves the chances of survival because it leads to behaviours that are responsible, well organized, timely, and appropriate to the situation, and such patterns of behaviour are well established by late adolescence. 1 essay in this journal noted that an association between "early life intelligence and mortality" has been established "across different populations, in different countries, and in different epochs." He offered four potential explanations of this ubiquitous finding: higher education, healthy behaviours, early insults to the brain, and system integrity: "First, … intelligence is associated with more education, and thereafter with more professional occupations that might place the person in healthier environments. …. Second, people with higher intelligence might engage in more healthy behaviours. … Third, mental test scores from early life might act as a record of insults to the brain that have occurred before that date. … Fourth, mental test scores obtained in youth might be an indicator of a well-put-together system. It is hypothesized that a wellwired body is more able to respond effectively to environmental insults" (p. 176). The essay referred only in passing to a finding that "being more dependable or conscientious in childhood is also significantly protective to health" 2,3 , yet this may be the key to explaining the association between IQ and survival.
Research on the association between early IQ and survival has led to the development of a nascent subdiscipline, cognitive epidemiology 4-9 . Much of this research has been integrated in a comprehensive account of follow-ups to the Scottish Mental In fewer than 7 percent of cases, data on high school rank, parents' incomes, or parents' occupations were multiply imputed following the procedure suggested by Van Buuren et al. 44 and implemented by Royston in the ICE routine in Stata 10 [45] [46] [47] . fully imputed sets of data. In this large sample, adjustment of standard errors for the effect of imputation would be negligible. Imputations and estimates were also carried out assuming a Gompertz distribution, confirming the findings reported here.
Model
The workhorse of our analyses is a parametric survival model defined on the age interval (18, 68) . Individuals whose survival was not ascertained (N = 13) or who survived to 2009 (N = 8701) were censored. The model is as follows:
where μ(x) is the force of mortality evaluated at x, μ o is a baseline force of mortality evaluated at age x, β is a vector of parameters and X is a vector of covariates. For pragmatic reasons we choose a Weibull hazard to represent the baseline μ o (x) thus imposing the following parametric form:
where γ is a level parameter and ρ is the shape parameter. It is well-known that a Weibull hazard can be parameterized as a Gompertz hazard defined on the log of duration (rather than on duration). Both functions capture the pattern of mortality well from adolescence to late adulthood though the Weibull function rises too slowly at ages above 75 to represent mortality well above those ages. However, since the Gompertz and Weibull perform equally well below ages 75, and since a Weibull parametric hazard is also an accelerated failure time model (and hence more robust to some violations of the proportionality assumption), we chose to present results using the Weibull parameterization.
In addition to estimating the vector of parameters, β, along with ρ and γ, we calculated the predicted integrated hazard, I(y; β, ρ, γ ), for selected subgroups (setting all the variables not defining the subgroups to their sample mean) and the probabilities of surviving S(x; β, ρ, γ) = exp(-I(y; β, ρ, γ ), and finally, the expected duration in the intervals (x, 68) for all x between 18 and 67. The latter quantities are much better measures of the ultimate effects of selected covariates than the vector, β, or the relative hazards, exp(β).
Empirical Estimation
Our estimation strategy consisted of building successively more complicated models while paying close attention to the role of common causes and mediating mechanisms.
The model of relations we have in mind is shown in Figure 1 . Our main conjecture is that the effects of IQ are mediated by variables that could be correlated with it but that also represent traits quite different from intellectual skills and are more suitably thought of as indicators of character and personality as well as by behaviours during adulthood. 2 The model in Figure 1 includes constructs whose indicators are not included in our analysis.
Among these are variables representing early childhood environments and events that may have shaped or constrained IQ. Thus, the estimated effect of IQ overstates its true effects if early childhood conditions have independent effects on IQ and on mortality 38, 48, 49 .
Findings
Figures 2 and 3 describe observed mortality differentials by IQ and high school rank. In model 3, high school rank is added; its effects are large and statistically reliable.
The odds of mortality are more than 40 percent lower in the top fifth of the class than in the bottom fifth; the obverse is that the odds of mortality are 2/3 greater in the bottom than in the top fifth. The inclusion of high school rank in model 3 scarcely alters the effects of the social background variables, but it has marked effects on the estimated coefficients of gender and of IQ. In model 2, the odds of mortality among men are 62 percent greater than among women, but in model 3, the gender differential is reduced to 51 percent. The reason is that high school girls earn higher grades than high school boys of equal IQ -by nearly half a standard deviation -and that accounts in part for the gender differential in mortality.
More important, once high school rank enters the model, there are no longer any statistically significant differentials in mortality by IQ. That is, the association between IQ and mortality is entirely explained by its correlation -presumably a causal relationship -with high school rank. However, that correlation is far from perfect.
Among the Wisconsin graduates, the correlation is r = 0.6, which is to say that nearly two thirds of the variance in high school rank is independent of IQ. While the independent features of high school rank may be partly cognitive, they must also include aspects of character, habit, and personality. Personal characteristics that lead students to do the right thing in the right way at the right time and place when they are in secondary school evidently persist in ways that lead to greater longevity. Table 2 shows selected estimates of expected years of life, based on the Weibull models, during the 52 year period of observation. In models 1 and 2, women outlive men by 1.3 years, but in model 3 women's advantage is reduced to 1 year. In models 1 and 2, the highest fifth in IQ outlive the lowest fifth by about half a year, but that differential is actually reversed in model 3. Both in model 2 and in model 3, farm youth outlive nonfarm youth by about half a year, while high income youth outlive low income youth by almost a year. However, the largest differential in expected years of life is 1.4 years, between youth in the top and bottom fifths of their high school classes.
Discussion
Taken at face value, these findings suggest substantial modification in the previously offered explanations for the association between IQ and survival. There is no need to invoke "early insults to the brain" or "system integrity" to explain the association, nor is it necessarily mediated by post-secondary schooling -though some studies have found that the IQ-survival relationship is partly mediated by educational attainment 33 . In fact, the latter finding may be attributable to the fact that high school grades, more than test scores, account for the completion of college 50 . Neither is it necessary to invoke health literacy, except to the extent that it may reflect highly motivated or compliant behaviour.
The leading candidate to explain the IQ-survival relationship would appear to be lifelong attitudinal and behavioural patterns that contribute both to academic success in secondary school and to systematic accumulation of health benefits.
The present analysis cannot claim to parse the content of high school rank in 
